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Multiply By To obtain
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WATER-QUALITY CHARACTERISTICS
OF SELECTED PUBLIC RECREATIONAL LAKES AND PONDS
IN CONNECTICUT

by Denis F. Healy and Kenneth P. Kulp

ABSTRACT

Reconnaissance limnological and lake-
bed-sediment surveys were conducted in Con-
necticut during 1989-91 by the U.S.
Geological Survey, in cooperation with the
Connecticut Department of Environmental
Protection, to evaluate water-quality character-
istics of selected public recreational lakes and
ponds in the State. Limnological surveys were
conducted on 49 lakes and ponds selected
from a list of 105 publicly owned waterbodies
that qualified for water-quality assessments
under Section 314 of the Federal Clean Water
Act. Lakebed-sediment surveys were con-
ducted in 9 river impoundments and 1 riverine
lake below industrial areas and 2 headwater
lakes in relatively pristine areas.

The limnological surveys consisted of
two sampling events--during spring turnover
and during the summer stratification. Each
sampling event included depth profiles of
water temperature, specific conductance,
hydrogen-ion activity, and dissolved oxygen
concentrations; measurements of Secchi disc
transparency; and the collection of samples for
the analyses of alkalinity, chlorophyll, phos-
phorus, and nitrogen concentrations. Areal
extent and population density of the dominant
aquatic macrophytes were qualitatively noted
during the summer sampling event. These
water-quality data were used to determine the
trophic classification and acidification status of
the 49 lakes. The trophic classification yielded
the following results: 2 oligotrophic, 8 early
mesotrophic, 13 mesotrophic, 5 late
mesotrophic, 10 eutrophic, and 11 highly
eutrophic lakes. In terms of acidification sta-
tus, 7 lakes were classified as acid threatened
and 42 as not threatened.

A Wilcoxon two-tailed signed rank test
was used to compare data for 13 lakes and

ponds from the present survey with data from
the 1973-75 or 1978-79 surveys conducted by
the Connecticut Agricultural Experiment Sta-
tion and Connecticut Department of Environ-
mental Protection. The test showed no
significant difference at the 90 percent confi-
dence level for spring nitrogen and summer
chlorophyll-a concentrations, a significant
increase at the 90 percent confidence level in
summer phosphorus concentrations, and a sig-
nificant decrease at the 95 percent confidence
level in summer transparency.

For the lakebed-sediment surveys, com-
posite-grab samples were collected from the
deepest part of each lake. Samples were ana-
lyzed for arsenic, cyanide, organic and inor-
ganic carbon, selected metals, and methylene-
extractable, synthetic organic compounds clas-
sified by the U.S. Environmental Protection
Agency as semi-volatile priority pollutants.

Hanover Pond, Eagleville Lake, and
West Thompson Lake had three of the four
highest concentrations of cadmium, chro-
mium, copper, lead, nickel, zinc, and cyanide.
The four lakes with the highest concentrations
of arsenic (Aspinook Pond, Fitchville Pond,
Mashapaug Pond, and West Thompson Lake)
are located in the eastern part of Connecticut.
The three samples with the highest mercury
concentrations were from Lake Lillinonah and
Lake Zoar. There appears to be a positive cor-
relation between the concentrations of cad-
mium, chromium, copper, lead, nickel, zinc,
and cyanide.

Only 15 of the 54 synthetic organic com-
pounds analyzed for were detected in 9 of the
12 lakes sampled. Of these 15 compounds, 14
are polycyclic aromatic hydrocarbons and the
15th is a phthalate ester. Hanover Pond had the
most compounds detected (9), and phenan-
threne was the compound detected in the most
lakes (8).
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INTRODUCTION

Connecticut contains about 3,280
waterbodies, designated as lakes, ponds, and
reservoirs by the Secretary of State, pursuant
to Section 3-100 CGS. These waterbodies are
a valuable natural resource for water supply,
recreation, wildlife habitat, and flood control.
The goal of Federal, State, and local resource
managers is to protect and restore the water
quality of this resource to provide maximum
use and benefit to the public and wildlife.
Primary water-quality concerns for lakes in
Connecticut include accelerated eutrophication
caused by nutrient enrichment, acidification
from acid rain and natural causes, and
contamination of lakebed sediments as a result
of human activities, such as industrial or
municipal discharges.

In 1989, the U.S. Geological Survey
(USGS), in cooperation with the Connecticut
Department of Environmental Protection
(DEP), began a study to evaluate the water-
quality characteristics of public recreational
lakes and ponds in the State. As part of this
study, reconnaissance limnological surveys
were conducted at 49 lakes and ponds during
1989-90, and lakebed samples were collected
and analyzed from 12 lakes and ponds during
1991. Seven of the lakes and ponds from the
lakebed-sediment survey were also included in
the limnological reconnaissance survey. The
water-quality data collected for the limnologi-
cal reconnaissance surveys were used to deter-
mine the trophic classification and acidifica-
tion status of the lakes and ponds, as required
by Section 314 of the Federal Clean Water Act
(P.L. 95-217). These classifications were pub-
lished by the State in 1991 (Connecticut
Department of Environmental Protection,
1991).

Purpose and Scope

This report presents the physical, chemi-
cal, and biological data that were collected for
the cooperative study, evaluates the water-
quality conditions of the lakes and ponds dur-
ing 1989-91, and compares those conditions

with previous conditions, where historic data
are available. Sampling design and methods of
data collection and analysis are presented,
along with an explanation of pertinent limno-
logical concepts, such as eutrophication, strati-
fication, and acidification. This is followed by
a description of each lake or pond, including a
discussion of important characteristics of the
lake or pond; a table with the physical and
chemical data; a map showing the major fea-
tures and geographic location; and graphs
showing depth profiles of water temperature,
hydrogen-ion activity (pH), dissolved oxygen
concentration, and specific conductance.

Study Area

Connecticut has an area of 5,009 miZ. It
is bordered on the north by Massachusetts, on
the east by Rhode Island, on the west by New
York, and on the south by Long Island and
Block Island Sounds. The State is located in
the New England Upland and Taconic sections
of the New England physiographic province
(Fenneman, 1938). The bedrock is predomi-
nantly highly metamorphosed, noncarbonate
crystalline rocks. A central valley underlain by
Mesozoic-age sedimentary and igneous rocks
runs north-south through the State, and a belt
of metamorphosed carbonate rocks lies along
the western border with New York. Connecti-
cut was extensively glaciated during the Pleis-
tocene, hence most of the State is covered by
till and stratified drift of variable thickness.

There are about 3,280 lakes and ponds in
Connecticut and more than 3,000 dams. The
lakes and ponds included in this study are
listed in table 1 and their locations are shown
in figure 1. The depths and areal extents of
many naturally occurring lakes and ponds in
Connecticut have been increased by the con-
struction of dams or levees at the lakes’ out-
lets. Of the 54 waterbodies sampled for this
study, 47 have had their outlets altered by con-
struction. Average rainfall for Connecticut is
47 inches, and runoff ranges from 22 to 27
inches. Connecticut towns and major rivers are
shown in figure 2.

2 WATER-QUALITY CHARACTERISTICS OF SELECTED PUBLIC RECREATIONAL LAKES AND PONDS IN CONNECTICUT



Table 1. Lakes and ponds included in the limnological and lakebed-sediment surveys in
Connecticut, 1989-91

[1, limnological; b, lakebed sediment, lake number refers to location shown in figure 1. For location of Connecticut

basins, refer to “Natural Drainage Basins in Connecticut,” published by the Connecticut Department of

Environmental Protection (1981).]

USGS Connecticut
Lake hydrologic basin Survey
number Name unit code number type
1 Alexander Lake 01100001 3700 1
2 Anderson's Pond 01100001 3605 1
3 Aspinook Pond 01100001 3600 IL,b
4 Avery Pond 01100003 3002 1
5 Bantam Lake 01100005 6705 b
6 Beachdale Pond 01100001 3600 1
7 Beseck Lake 01080205 4607 1
8 Crystal Lake 01080205 4013 1
9 Dog Pond 01100005 6703 1
10 Dooley’s Pond 01080205 4013 1
11 Eagleville Pond 01100002 3100 b
12 East Twin Lake 01100005 6002 1
13 Fitchville Pond 01100003 3900 Lb
14 Gardner Lake 01100003 3906 1
15 Gorton’s Pond 01100003 2205 1
16 Green Falls Reservoir 01090005 1002 1
17 Halls Pond 01100002 3200 1
18 Hanover Pond 01100004 5200 Lb
19 Hatch Pond 01100005 6016 1
20 Lake Hayward 01080205 4800 1
21 Higganum Reservoir 01080205 4014 1
22 Holbrook Pond 01080205 4705 1
23 Hopeville Pond 01100001 3600 1
24 Lake Housatonic 01100005 6000 b
25 Howell Pond 01080207 4300 1
26 Killingly Pond 01100001 3404 1
27 Lake of Isles 01100003 3002 1
28 Lantern Hill Pond 01100003 2104 1
29 Leonard Pond 01100005 6016 1
30 Lake Lilfinonah 01100005 6000 b
31 Long Pond 01100003 2104 1
32 Mashapaug Pond 01100002 3203 b
33 Messerschmidts Pond 01080205 4019 1
34 Mohawk Pond 01100005 6700 1
35 Moosup Pond 01100001 3502 1
36 Morey Pond 01100002 3206 1
37 Park Pond 01100005 6905 1
38 Pattaconk Reservoir 01080205 4017 |
39 Pickerel Lake 01080205 4710 1
40 Lake Quassapaug 01100005 6023 1
41 Rainbow Reservoir 01080207 4300 Lb
42 Red Cedar Lake 01100003 3900 1
43 Riga Lake 01100005 6005 1
44 South Spectacle Lake 01100005 6500 1
45 Lake Waramaug 01100005 6502 1
46 Wauregan Reservoir 01100001 3700 1
47 West Hill Pond 01080207 4305 Lb
48 West Side Pond 01100005 6701 1
49 West Thompson Lake 01100001 3700 b
50 Lake Winchester 01100005 6905 1
51 Wononscopomuc Lake 01100005 6005 1
52 Wood Creek Pond 01100005 6100 1
53 Wright’s Pond 01080205 4019 1
54 Lake Zoar 01100005 6000 Lb

INTRODUCTION
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Previous Studies

Water-quality characteristics of lakes in
Connecticut have been examined in several pre-
vious studies. The Connecticut State Board of
Fisheries and Game conducted a survey of 47
lakes and ponds from 1937 to 1939 to estimate
the potential ability of sampled lakes to produce
gamefish (Connecticut State Board of Fisheries
and Game, 1942). Information on physical,
chemical, and biological conditions of those
lakes was published by Deevey (1940) and
Deevey and Bishop (1942). A second survey by
the Connecticut State Board of Fisheries and
Game was conducted on 154 lakes and ponds
from 1952 to 1955 (Connecticut State Board of
Fisheries and Game, 1959). Biological and
land-use data were collected and bathymetric
maps of each lake were constructed; however,
no new chemical data were collected.

The Connecticut Agricultural Experiment
Station (CAES) and DEP conducted a survey of
23 lakes and ponds from 1973 to 1975 (Norvell
and Frink, 1975), which discusses changes in
water quality for 20 lakes that were part of the
1937-39 Fisheries survey. Physical properties
were measured and chemical data were col-
lected, including depth profiles for dissolved
oxygen concentrations and temperature. The 23
lakes were classified as to trophic condition, and
the relations between physical properties and
(or) chemical constituents were examined.
CAES conducted another survey of 47 addi-
tional lakes in 1979 to 1980. The combined
results of this survey and the 1973-75 survey
were published in separate reports by Connecti-
cut Department of Environmental Protection
(1982) and Frink and Norvell (1984). The DEP
report contains physical characteristics, chemi-
cal/biological data, and the depth profiles of dis-
solved oxygen concentrations and temperature
for each lake, as well as additional information
on land use (15 categories), erosion and sedi-
ment sources, possible sources of point- and
nonpoint-source contamination, topography,

and geology. The 70 lakes were also classified
as to trophic condition under a revised classifi-
cation scheme put forth in that report. Frink and
Norvell (1984) examine the results of the sur-
veys with regard to trophic classification, rela-
tions between selected physical properties and
(or) chemical/biological constituents, and
changes from the 1937-39 Fisheries survey. The
results of a model that predicts spring phospho-
rus concentrations in lakes from land use in the
drainage basin (Norvell and others, 1979) were
compared with the measured values from the
surveys.

The U.S. Environmental Protection
Agency (USEPA) also collected samples from
and measured physical properties at 24 Con-
necticut lakes and impoundments in 1984 for
the Eastern Lake Survey. This survey focused
on the susceptibility of lakes in the eastern
United States to acidification. Data collected as
part of this survey are presented in Linthurst and
others (1986), Overton and others (1986), and
Kanciruk and others (1986).

In addition to statewide surveys, physical,
chemical, and biological aspects of individual
lakes in Connecticut have been studied by Fed-
eral, State, and local agencies, and academic
institutions (Frink, 1967, 1971; Norvell, 1977,
1982; Connecticut Department of Environmen-
tal Protection, 1981; Kulp, 1991; and Kulp and
Grason, 1992). Deevey (1940) and Brooks and
Deevey (1963) summarize early work done on
Connecticut lakes. “A Treatise in Limnology”
by Hutchinson (volume 1, 1957; volume 2,
1967; volume 3, 1975) is an example of the
work that academic institutions are doing in the
field of limnology.

Acknowledgments
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DATA COLLECTION AND ANALYSIS

The 49 lakes and ponds included in the
limnological survey were selected from a list
of 105 publicly owned waterbodies in
Connecticut that qualify for water-quality
assessments under Section 314 of the Federal
Clean Water Act. Of this total, 36 were chosen
because they had not previously been assessed
by DEP; the remaining 13 were chosen for
updated assessments because of known or
perceived water-quality problems or because
DEP had not studied the lake since the 1979-
80 CAES survey.

The limnological survey, conducted from
1989 to 1990, consisted of two sampling
events for each lake or pond--one during
spring and one during summer. The spring
event was timed to sample the waterbody dur-
ing spring turnover, when the water was well-
mixed. A single sample was collected at this
time. The summer event was timed to sample
the waterbody during summer stratification
and to determine the extent of the stratifica-
tion. If the waterbody was stratified, samples
were collected at the surface, metalimnion,
upper hypolimnion, and lower hypolimnion. If
there was no stratification, samples were col-
lected at the surface, mid-depth, and near the
bottom. During each sampling event, depth
profiles of water temperature, pH, dissolved
oxygen concentrations, and specific conduc-
tance were made and measurements of Secchi
disc transparency were taken. In addition, sam-
ples were collected for analysis of alkalinity
and for determination of chlorophyll, phospho-
rus, and nitrogen concentrations. A survey of
the dominant species of aquatic macrophytes,
their areal coverage, and their population den-
sity was made during the summer sampling
event. The water-quality assessment also
included determination of trophic classifica-
tion and acidification status.

Lakebed-sediment samples were col-
lected from 12 lakes or ponds from May
through July 1991 (Connecticut Department of
Environmental Protection, 1993). Two of the

waterbodies are headwaters that do not receive
industrial discharges (according to the DEP),
nine are manmade impoundments located
below industrial areas, and one is a natural
lake that has also received industrial dis-
charges. All three natural lakes are artificially
enlarged by dams and levees at their respective
outlets. Two samples were taken from Lake
Zoar and Lake Lillinonah; one sample was col-
lected from each of the other lakes and ponds.
Samples were analyzed for selected metals,
arsenic, cyanide, inorganic and organic carbon,
and selected synthetic organic compounds.
The synthetic organic compounds are methyl-
ene-extractable industrial compounds classi-
fied as semi-volatile priority pollutants by
USEPA.

Methods of Data Collection

Standard USGS field methods were used
to collect water-column and lakebed-sediment
samples. Water-column samples were col-
lected from the deepest section of the lake or
pond, as determined by fathometer and previ-
ous bathymetric surveys by DEP. The water-
column samples were collected using a Van
Dorn-type Alpha bottle. Spring turnover sam-
ples were collected at a depth of 0.9 m (3 ft)
and summer samples were collected at depths
determined by the stratification conditions.
Transparency was measured by Secchi disc at
the time of sampling. Water temperature, pH,
dissolved oxygen concentrations, and specific
conductance profiles were made with a Hydro-
lab 5109'. The aquatic macrophytes were col-
lected with a grappling hook, and their areal
extent and density were mapped during the
summer water-column sampling. Aquatic mac-
rophytes were identified by DEP personnel.

Water samples for nutrient analyses were
preserved with mercuric chloride. Chlorophyll
A and B samples were prepared by filtering a
premeasured amount of water sample through

1Use of trade names is for identification pur-
poses only and does not constitute endorsement by
the U.S. Geological Survey.
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a 0.45-micron glass filter. Nutrient and chloro-
phyll samples were chilled and shipped to the
USGS Water-Quality Laboratory in Arvada,
Colorado. The alkalinity, bicarbonate, and car-
bonate concentrations were measured by incre-
mental titration with 0.0164-N sulfuric acid at
the USGS field-support facility in Hartford,
Conn.

Lakebed-sediment samples also were
collected in the deepest part of the waterbody.
The samples were composites of 2 to 4 grabs

with a Ponar dredge. Samples were field-
sieved through a 2-mm teflon grid, chilled, and
shipped to the USGS Water-Quality Labora-
tory for analysis.

Laboratory analytical methods and
reporting levels (tables 2, 3, and 4) are
described in Wershaw and others (1987);
American Public Health Association (1989);
Britton and Greeson (1989); and Fishman and
Friedman, (1989).

Table 2. Analytical methods and reporting levels for nitrogen, phosphorus, and
chlorophyll samples collected for the limnological survey

[mg/L, milligrams per liter; mg/L, micrograms per liter; Parameter code, USGS National Water Data Storage and
Retrieval System (WATSTORE) parameter code]

Constituent Parameter  Reporting Units Laboratory method
code level
Nitrogen ammoniaasN 00610A 0002  mgL  Colorimetric!
wNitrogen k‘ammonkika 00625A . 2 | mg/L Colorimetric, block-digester
+ organic as N salicylate-hypochlorite!
D 00615A " 001 v, mg/L ; Colonmetnc,
L -
Nitrogen nitrite 00630A 01 mg/L Colorimetric, cadmium
+ nitrate as N reduction, diazotization!
Phosphorus asP 00G65A 001  mgL  Colotimetic,
- o . o . ~ phosphomolybdate! -
Chlorophyll-a 70953A 1 pg/L Chromatographic/
fluorometric?
Chlorophyll-b 70054A 1 pgll  Chromatographic/ |
e e ' e fluorometric? e

AR SRR

! Fishman and Friedman (1989).
2 Britton and Greeson (1989).
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Table 3. Analytical methods and reporting levels for metals, arsenic, cyanide,
inorganic carbon, and organic carbon analyzed for the lakebed-sediment survey

[1g/g, micrograms per gram; g/kg, grams per kilogram; Parameter code, USGS National Water Data Storage and
Retrieval System (WATSTORE) parameter code]

Parameter  Reporting

Constituent code level

Units Laboratory method

. ouiosc. - 10, ~ uglg  Atomic absorpuonspectrometmc‘f
e . o : ‘ DC plasma T .
Arsenic ~ 01003C 1. ug/g Atomic absorption spectrometric,
DC plasma’

Cadmium  01028B 1.  ug/lg  Atomicabsorption spectrometric,
Carbon, total 00693A 1 ghkg  Induction furnace?

“Aluminum

EEONRSRCTI

Modified Van Slyke?

01029B 1. ug/g | Atomic absorption spectroir'le'trié,”
direct!

© 01038B 5. ugg  Atomic abSOI’ptlonspectro"‘"'

. i ‘ direct!

01043A 1. ug/g  Atomic absorption spectrometri‘cﬁ,: ”
direct!

00721B s Colorimetric, barbituric acid!

01170B L. ng/g Atomic absorption spectrometric,
direct!
‘lead 01052B 18 ug/e Atomic absorption spectrometric,
. » direct!
Manganese 01053A 1. ng/g Atomic absorption spectrometric,
direct!
Mercury  71921A 01 pg/g  Atomicabsorption spectr"o‘,meﬁfic,:,:
... : flameless! .
Nickel 01068B 10. ug/g Atomic absorption spectrometrlc
direct!
Zinc 01093A L. ng/g Atomic absorption spectrometnc
- ’ direct! ~ o

! Fishman and Friedman (1989).
2 Wershaw and others (1987).
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Table 4. Reporting levels for the synthetic organic compounds analyzed for the lakebed-

sediment survey

[Reporting levels are in micrograms per gram. Laboratory analytical method was gas chromatography/mass
spectrometry (American Public Health Association, 1989); Parameter code, USGS National Water Data Storage and

Retrieval System (WATSTORE) parameter code]

Constituent

Acenaphthene
‘Anthracene
Benzo (b) fluoranthene

Reporting code

Benzo (k) ﬂ”liOranthene

34

Benzo (a) pyrene

bis (2-Chloroethyl) ether
bis (2-Chloroethoxyl) methane
bis v-(2¥ChIoroisopropyI) ether

Butyl benzyl phthalate

342

 34281A

Chrysene
Diethyl phthalate
Dimethyl phthalate
Fluoranthene
Fluorene
Hexachloroethane
Indeno (1,2,3-cd) pyrene
Isophorone |
n-Nitrosodi-n-propylamine
n-Nitrosodiphenylamine
n-Nitrosodimethylamine
Naphthalene
Nitrobenzene
4-Chloro-3-methylphenol
Phenanthrene
Pyrene
Benzo (g,h,i) perylene
Benzo (a) anthracene

Reporting level

_om;a
34208A " 200
34233A 400

50A

34286A

34295A

Sion

34339A 200
34344A 200

34379A 200

34384A 200

34399A 200

34406A 400

34411A 200

34431A 200
34436A 200
34441A 200

34445A 200

34450A 200

34455A 600

34464A 200

34472A 200

34524A 400

34529A 400
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Table 4. Reporting levels for the synthetic organic compounds analyzed for the lakebed-

sediment survey--Continued

[Reporting levels are in micrograms per gram. Laboratory analytical method was gas chromatography/mass
spectrometry (American Public Health Association, 1989); Parameter code, USGS National Water Data Storage and
Retrieval System (WATSTORE) parameter code]

Constituent

1 ,3-Dichlorobéﬁzené
 14-Dichlorobenzene
V 2—Chloronaphthalene

 2-Chiorophenol

2-Nitrophenol

nol
2,4-Dinitrotoluene

2,4-Dinitrophenol
"2,4»,6-"Trichlorophenol

2,6-Dinitrotoluene
4-Brbmophenyl phenyl ether

' 24-Dichlorophenol

4-Chlorophenyl phenyl ether
4-Nitrophenol

Reporting code Reporting level

34554A

34569A
osEA o000
| 34584A
faasgen o naee
34504A
34604A

34614A
34624A
d4epon L 000
S
A
34649A o

4,6-Dinitro-2-methylphenol
~ Phenol
Pentachlorophenol
bis (2-ethylhexyl) phthalate
Di-n-butyl phthalate
Hexachlorocyclopentadiene
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Methods of Data Analysis

DEP used the data collected during this
study to classify the 49 lakes and ponds as to
trophic classification and acidification status
using the classification criteria in tables 5 and
6. DEP developed the trophic classification
based on the following relations observed dur-
ing previous studies of Connecticut lakes
(Connecticut Department of Environmental
Protection, 1991): (1) Total phosphorus is usu-
ally the factor that limits phytoplankton pro-
ductivity; (2) total nitrogen relates to water-
body productivity and may limit aquatic mac-
rophyte productivity; (3) summer chlorophyll-
a indicates phytoplankton density during the
peak growth season; (4) Secchi disc transpar-
ency gives an approximation of the euphotic
zone; and (5) summer aquatic macrophyte cov-
erage and density indicates the relative impor-
tance of the plant community as an expression
of lake primary productivity (Connecticut
Department of Environmental Protection,
1991). If macrophyte growth is very extensive
(75 to 100 percent of waterbody area), then
waterbody is classified as highly eutrophic
regardless of water column data. If macro-
phyte growth is extensive and dense (30 to 75
percent of waterbody area) and dense, the lake
is classified as mesotrophic when the water
column indication is oligotrophic, and is clas-

sified eutrophic when the water column indica-
tion is mesotrophic or eutrophic.

The acidification status ranks the
waterbody with regard to its alkalinity or
buffering capacity to resist the acidification
processes. In addition to criteria for trophic
classification and acidification status, the
Connecticut DEP surface-water-quality
classification criteria are shown in table 7
(Connecticut Department of Environmental
Protection, 1992a).

Hydraulic residence time was calculated
by multiplying the area of the lake plus water-
shed in square miles by the average runoff in
Connecticut (1.8 ft*/s/mi?) and by the coeffi-
cient of runoff for that part of the State, as
developed in the Connecticut basin reports;
then dividing the product by the volume of the
lake (Randall and others, 1966; Thomas and
others, 1967; Thomas and others, 1968; Ryder
and others, 1970; Cervione and others, 1972;
Wilson and others, 1974; Mazzaferro and oth-
ers, 1979; Ryder and others, 1981; Weiss and
others, 1982; Handman and others, 1986).
Where calculated lake volumes could not be
obtained from historical data, lake volumes
were calculated from data from by Connecticut
Department of Environmental Protection (A.
Letendre, Connecticut Department of Environ-
mental Protection, oral commun., 1992).

Table 5. Connecticut Department of Environmental Protection trophic classification

criteria

[From Connecticut Department of Environmental Protection, 1992a, p. 60; mg/L, micrograms per liter; mg/L,

micrograms per liter; <, less than; >, more than]

Total Total nitrogen Summer Summer
Category phosphorus (mg/L) chlorophyll-a transparency
(mg/L) (ng/L) (meterS)
Oligotrophic ~ less than 0.010  less than 0.2 lessthan2 ~  morethan 6
| Early mesotrophlc © 0.010t0<0.015 0.2 to0 <0.3 2to <5 >4t06
Mesotrophic ~ 0.015t0<0.025 03to<05  5to<l0  >3t0o4
Late mesotrophxc © 0.025t0<0.030 0.5t0<0.6 10 to <15 - >2t03
~ 0030t0<0.050 06to<i0 0 =12
ighly eutrophic  equal to or equaltoor equ'al to or less than 1.0
more than 0.050 more than 1.0 more than 30
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Table 6. Connecticut Department of Environmental Protection acidification status
criteria

[From Connecticut Department of Environmental Protection, 1992a, p. 66

Category Total alkalinity

Acid threatened Alkalinity is greater than O but less than or equal to 5.0 milligrams per
liter as calcium carbonate

Table 7. Connecticut Department of Environmental Protection surface-water-quality
classification

[From Connecticut Department of Environmental Protection, 1992a, p. 11]

Class Description

A Potennal drmkmg supply, ﬁsh and w1ldhfe habitat; recreational use;
agricultural, industrial supply and other legitimate uses, including navi-

C May be sultable for certain ﬁsh shellﬁsh and w1ld11fe habltat certam
aquacultural and recreational activities, industrial use and other legiti-
mate uses, including navigation. May have good aesthetic value; condi-
tions usually correctable through the control of point and nonpoint
sources of pollution; minimum acceptable class goal is Class B or SB
unless a DEP and USEPA approved Use Attainability Analysis demon-
strates that one or more uses are not attamable

- May be sultable for bathmg*r '

readily correct: hle minimum acce'" table‘
unless a DEP and USEPA:app_r_()V'
strates that one or more uses are not
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WATER-QUALITY CHARACTERISTICS
OF LAKES AND PONDS

The water-quality characteristics of a
lake or pond are determined by a dynamic
interaction of physical, chemical, and biologi-
cal factors. A lake is an ecosystem composed
of various living organisms that interact with
each other and the chemical and physical prop-
erties of the aquatic environment surrounding
them. Because of this interaction, the biologi-
cal, chemical, and physical properties are
dependent on one another, and a change in one
property can affect other properties. For exam-
ple, if the water temperature (physical prop-
erty) of a lake increases, its ability to contain
dissolved oxygen (chemical property) is
reduced; this reduction may prevent some
types of organisms (biological property) from
inhabiting the water. Interactions among the
properties are numerous, often complex, and in
some cases, not fully understood. The follow-
ing discussion briefly explains some terminol-
ogy, primary processes, and factors that affect
water quality of lakes and ponds.

Circulation

Water circulation in a lake or pond has a
substantial effect on the water-quality charac-
teristics. The primary controls over water cir-
culation are wind, inflowing and outflowing
currents, and temperature-induced density dif-
ferences. The circulation is also controlled to
some degree by the physical shape (morphol-
ogy) of the lake.

In many lakes, the dominant cause of
circulation is wind. Wind-derived circulation
is limited by the water depth, thus shallow
lakes are usually well-mixed by the wind,
whereas only in deeper lakes, only the upper
part is wind mixed. The extent of wind-derived
circulation is also greatly affected by the lake’s
shape, its orientation to the prevailing wind,
and the topography and land cover of the sur-
rounding area.

Circulation and mixing due to inflowing
and outflowing currents is determined by the
lake morphology and the quantity and velocity
of water entering and leaving the lake. The
amount of time it takes for the volume of water
in a lake to be replaced by the quantity of
water flowing into it is referred to as the
hydraulic residence time. The larger the vol-
ume is, relative to the flow rate, the longer the
hydraulic residence time will be. In general,
the circulation caused by inflowing and out-
flowing currents decreases with increasing
hydraulic residence times.

Circulation is also affected by variations
in temperature. As water gets colder, its den-
sity increases, until maximum density is
reached at 4° C, after which density decreases.
During spring and summer, solar heating along
with increased air temperatures heat the sur-
face water of a lake. The less dense water will
remain near the surface unless mixed with
cooler water by the wind. In deeper lakes,
where wind mixing is limited to the upper lay-
ers of the lake, the water will stratify into ther-
mal layers. The warm upper layer, subject to
wind mixing, is called the epilimnion. The
cold deeper layer that is not mixed by the wind
is called the hypolimnion. The transition layer
of water between the epilimnion and the
hypolimnion is characterized by rapidly
decreasing water temperature with depth, and
is the thermocline or the metalimnion. In lakes
with strong thermal stratification, differences
in water density effectively prevent water cir-
culation between the epilimnion and the
hypolimnion. This stratification continues until
the fall, when cold weather reduces the surface
temperature of the lake. The cool, more dense
water sinks to the bottom of the lake, causing
mixing, and breaking up thermal stratification.

Specific Conductance

Pure water is a very poor conductor of
electricity; however, it has the ability to
dissolve many substances that dissociate into
ions. This increases the capability of the water
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to conduct electricity. As the concentration of
dissolved ions increases, the capability of the
water to conduct electricity increases. Because
measurements of conductivity also depend on
other conditions, such as temperature, standard
conditions have been set so that measurements
of the conductivity of water samples can be
compared to one another. Water with a high
specific conductance contains more dissolved
ionic material than water with a lower specific
conductance. Specific conductance is also an
indirect way of measuring the amount of total
dissolved solids in water, but because the
relation between specific conductance and
total dissolved solids differs among waters,
specific conductance values are generally not
used to compare lakes in this manner.

Dissolved Oxygen

Dissolved oxygen (DO) is required by
fish and other aquatic organisms for respiration
and is involved in different chemical reactions
that take place in the water. DO enters water
from the atmosphere and from production by
aquatic plants (photosynthesis). The
concentration of DO in water depends on
temperature, because water’s ability to contain
DO decreases as temperature increases. In
thermally stratified lakes, oxygen that enters
the surface water does not reach the deeper
levels of the lake because of the lack of
circulation. As a result, the consumption of
DO by aquatic organisms and chemical
reactions exceeds the rate of replenishment,
and DO concentrations are reduced or
eliminated in deeper levels of the lake. If the
concentration of DO decreases below the
minimum required by fish, the fish are forced
to migrate to upper layers of the lake where
more DO is available. DEP set the minimum
required DO concentration to 5 mg/L to
maintain a healthy fisheries program
(Connecticut Department of Environmental
Protection, 1992b, p. 14).

Nutrients

Plant nutrients, primarily nitrogen and
phosphorus, are required by aquatic plants for
growth. The concentrations of these nutrients
determine the productivity of the lake, which
in turn determines the quantity of plants and
animals a lake is capable of supporting.
However, if excessive quantities of nutrients
are present in the water, blooms of nuisance
algae or dense growths of aquatic weeds can
occur. Lakes with a high productivity are
classified as eutrophic. Eutrophic lakes
frequently have decreased light penetration, as
measured by Secchi disc transparency, due to
the high concentrations of algae in the surface
water. If eutrophic lakes become thermally
stratified, oxygen depletion is frequently
severe in the hypolimnion because of the large
amounts of decomposing plant material in the
water. Lakes with moderate productivity are
classified as mesotrophic and usually support
moderate populations of aquatic vegetation
and have greater transparency than eutrophic
lakes. Lakes with low productivity are
classified as oligotrophic, support only limited
growths of aquatic vegetation, and are usually
quite transparent.

Eutrophication--the process whereby a
lake becomes enriched with nutrients, leading
to increased production of organic matter--is
part of a lake’s natural cycle. Although
eutrophication is a natural process, its effects
tend to limit recreational uses of a lake; thus, it
may be looked upon as a negative factor. In
recent decades, agricultural runoff and sewage
treatment discharges have increased inputs of
nutrients to many lakes, resulting in acceler-
ated eutrophication. Most attempts to control
accelerated eutrophication are based on the
principle that plant growth will be limited by
the amount of the least-available factor needed
for growth. For photosynthesis, the limiting
factor will be one of the essential nutrients,
most likely nitrogen or phosphorus Ruttner,
1963). The ratio of nitrogen to phosphorus
atoms needed for photosynthesis differs with
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plant type; as an example, algae has an atomic
ratio of generally 16 nitrogen atoms to 1 phos-
phorus atom. This ratio can be used to deter-
mine which of these elements is the limiting
factor and, hence, the most likely target for
eutrophication control. This ratio must be used
with caution because not all measured nitrogen
or phosphorus may be in a usable form for
plant growth. Also, nitrogen and phosphorus
cycles are complex and include natural sources
and sinks, such as lakebed sediments and the
atmosphere. Most lakes in Connecticut are
believed to be phosphorus limited.

Light

Plants can convert inorganic nutrients to
organic matter only if there is enough light for
photosynthesis. The depth to which light can
penetrate water depends on atmospheric condi-
tions, the light’s angle of incidence, and the
transparency of the lake water. The transpar-
ency of the lake water is a function of the sub-
stances dissolved in the water (color) and the
scattering of the light due to suspended sub-
stances (turbidity). In the layer of light pene-
tration, called the trophogenic zone, the
production of organic matter exceeds decom-
position. In the layer which light does not pen-
etrate, called the tropholytic zone,
decomposition of organic matter exceeds pro-
duction. The activity of photosynthesis is diur-
nal, but the effects are usually cumulative, and
the chemical and biological activity in the tro-
phogenic and tropholytic zones are often very
different. The trophogenic zone usually has
increased DO, increased pH, decreased cal-
cium bicarbonate, and decreased carbon diox-
ide concentrations as compared to the
tropholytic zone. The term given to the differ-
ences in the distribution of chemicals brought
about by living organisms is biogenic chemical
stratification (Ruttner, 1963).

When the trophogenic zone extends into
the metalimnion, oxygen produced by biologi-
cal activity, for the most part, remains in this
overlap zone due to the lack of circulation.

Because the saturation concentration of oxy-
gen increases with decreasing temperature and
increasing pressure, the oxygen saturation con-
centration in the overlap zone is greater than in
the warmer, less deep epilimnion. This may
result in a DO maximum being seen in the
epilimnion on a DO versus depth profile.

pH

The pH of a lake is a measure of the
hydrogen-ion activity in the lake waters. Tech-
nically, pH is the negative of the base-10 loga-
rithm of the hydrogen-ion activity. The pH
scale runs from O to 14 pH units. Water with a
pH of 7 is considered neutral, water with a pH
below 7 is considered acidic, and water with a
pH above 7 is considered basic. The pH in
most natural surface water ranges from 6.5 to
8.5, but pHs outside this range are not uncom-
mon. The ideal pH range for supporting fresh-
water aquatic life is 6.5 to 9.0; however, most
species can tolerate pH levels outside this
range. The major gamefish in Connecticut can
tolerate pH levels as low 5.0 to 5.5 pH units
but prefer a higher pH. The concentration of
hydrogen ions in lake waters is controlled by
many chemical and biological reactions
including photosynthesis, nitrification, and cal-
cium carbonate dissolution. pH can be used to
monitor the status of these and other reactions.

Alkalinity

Alkalinity is a measure of the capacity of
a lake to neutralize acid. Alkalinity is usually
measured by titrating a water sample with a
strong acid to a predetermined pH value
(fixed-endpoint), usually a pH of 4.5, or to the
point where the change in pH per unit of acid
added is greatest (incremental). Alkalinity is a
generalized measurement in that it does not
identify individual compounds; rather, it mea-
sures their total effect. In most of the lakes in
this study, the major contributors to alkalinity
are the dissolved carbonate and bicarbonate
species. Other contributors include the sili-
cates, phosphates, organic bases and ammonia.
Lakes with an alkalinity of 5 mg/L as CaCO,
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or less are considered to be susceptible to acid-
ification because of their relative lack of buff-
ering capacity. The major causes of
acidification of Connecticut lakes include nat-
ural watershed soil acidification processes, nat-
ural wetland acidification processes, natural
soil acidification processes associated with
watershed reforestation, and acid precipitation.

Temperature

Temperature-induced density differ-
ences are a major cause of lake stratification.
In addition, temperature influences the speed

of chemical reactions and the solubility and
diffusion of gases and other materials, such as
dissolved oxygen and nutrients. This in turn
affects the ability of the water to be used as a
drinking-water supply or for waste assimila-
tion. Temperature extremes can kill aquatic life
either directly, or indirectly through depriva-
tion of oxygen or by reducing resistance to dis-
ease. Rapid temperature fluctuations can also
have detrimental effects on aquatic organisms
and their reproductive cycles. The preferred
temperature ranges of some popular gamefish
in Connecticut are given in table 8.

Table 8. Preferred temperature ranges of some popular gamefish in Connecticut

[* C, degrees Celsius; ° F, degrees Fahrenheit]

Gamefish Preferred temperature range
Pickerel 21°C (70°F)

Smallmouth bass 18 -21°C (65 -70°F)
Largemouth bass 21-24°C (70 -75°F)

Rainbow trout
Brook trout
Brown trout
Yellow perch

13 - 16°C (55 - 60°F)
10 - 13°C (50 - 55°F)
13 - 16°C (55 - 60°F)
7-27°C (45 - 80°F)
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PHYSICAL, CHEMICAL, AND
BIOLOGICAL FEATURES OF
SELECTED PUBLIC RECREATIONAL
LAKES AND PONDS IN CONNECTICUT

The physical, chemical, and biological
data collected during the limnological survey
for 49 lakes and ponds (1989-90) are presented
in this section. These data were collected and
analyzed by the USGS and DEP. For each lake
or pond, the information includes: (1) A dis-
cussion of important characteristics, such as
physical features, land cover, selected chemi-
cal and physical properties, and a description
of the aquatic macrophytes; (2) a map showing
the major features and geographic location;
(3) atable of water-quality data; and (4) graphs
showing the depth profiles of water tempera-
ture, specific conductance, pH, and dissolved
oxygen concentration. In addition, current
water-quality conditions are evaluated and
compared to previous conditions, where his-
torical data are available.

The chemical data collected during the

lakebed-sediment surveys for 12 lakes and
ponds (1991) are also presented in this section.
For each lake or pond in this survey, a table
shows the concentrations of arsenic, cyanide,
carbon species, and selected metals. For the 7
lakes where both limnological and lakebed-
sediment surveys were conducted, results of
both surveys are presented together.

Lakes and ponds are listed in
alphabetical order by State name. (In some
instances, this name differs slightly from the
name on the USGS topographic quadrangle
map.) Geologic and land cover information
was obtained from Rodgers (1985) and Civco
(1991). Geographic and historical hydrologic
data were obtained from previous hydrologic
investigations (Connecticut State Board of
Fisheries and Game, 1942 and 1959; Norvell
and Frink, 1975; Department of
Environmental Protection, 1981a, 1982, 1991;
and Frink and Norvell, 1984). The descriptions
of macrophyte data were reproduced from
previous reports as exactly as possible.
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